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Figure S1: Aspect ratio of the synthesized AuNP.
Analysis of the synthesis
During a synthesis, ~1.5 mL samples were taken every 30 seconds for 4 minutes and samples were taken after 5 and 10 minutes ( Figure S1 ). Directly after taking a sample, it was cooled in an ice-bath to quench the reaction. The samples were then examined by UV-Vis and TEM. 
UV-Vis analysis:
The visual color changes in Figure S1 was analyzed by UV-Vis. During boiling, the absorbance gradually increases. Which corresponds to the increase in color observed during the synthesis. The color also changes during the synthesis, from grey (equal absorbance across the whole spectrum) to purple violet (absorbance peak at 530-540 nm). Further boiling sharpens the SPR peak, indicating intra-particle ripening even after dichroic nanoparticles have formed. Figure S3 : Absorbance of the gold nanoparticle reaction mixture over time. The last sample is corrected for the evaporation during the synthesis.
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TEM analysis:
The samples taken over time were also analyzed by transmission electron microscopy (TEM). Here the transitions were harder to discriminate and only 3 major stages could be discriminated: the formation of seeds and the aggregation of seeds into small networks ( Figure S4 a) , presence of nanoparticle networks (from ~100 nm to ~1000 nm diameter) ( Figure S4 b) and the presence of non-spherical nanoparticles ( Figure S4 c,d ). 
Study of films and dissolved AuNP-PVA:
A thin film of AuNP-PVA was made to study the characteristics of the AuNP embedded in PVA (Figure S5 a) . The AuNP-PVA was also dissolved back in water to study the AuNP using UV-Vis and TEM (Figure S5 b,c). 
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Figure S13: The PDMS coated 3D printed AuNP-PVA cup is both rather tight and water resistant. The pristine AuNP-PVA cup is dissolvable in water.
